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Description 



[0001] me present invention relates to a process for the production ol I oW into *»*J^ 
0002 Mor specifically, the present invention relates to a process for the production of 0, * n,c ^^ es ^ ( e n r ^ 

w ?h7oreoarationof intermediates useful in the synthesis of polyurethane foams, elastomers, seals, etc. 

nno^ Numerour D roceTses for the preparation of olef inic oxides are known in the art. For example. European pa tent 
'epToO !SSSSSS£S& Preparation of epoxides by reaction between an olefin and 
or aXoun^^ble of producing hydrogen peroxide under the reaction conditions, .n the presence of t.tan.um-s,., 
raiito ThP<;p catalvsts allow the production of epoxides with a high selectivity. 

,. mi Stv^ch chafes these c***. «" < ™** is s""**"' 10 "*""* c0 "«*' 1 e 

the type XSiR 3 (X = halogen, for example) or substances deriving from cat.ons of group I and II. wrth a drfferent bas.c 

SST ^S^SSSSl with organic derivatives of silicon, a great limitation is linked to their well-known reac 

idation reaction, by adding these compounds in continuous, would cause undeared react,ons also w,th the solvents ana 

SST Cetay be significant counterindications for the use of salts in the pre-treatment of the catalyst before the 
Satio™ reaS Lor by their continuous addition during the reaction itself, as also descnbed ,n pubhshed Euro- 
pean patent application 712.852. These relate to: 

-. ssrrr— »^^-«*^-- 

to favour the opening of the epoxide with the formation of undesired by-products; , Q „ arfir 
- ^^f beiJg easily removed from the zeolite so as not to cause ^ n^^ons or create partic- 
ularly acid centres in the calcination phase generally carried out on the catalyst before rts use 
th* Lsibilrtv of there being as far as the plant is concerned, at the temperatures and for the r^dence times 
' SSSSZi SlSmSi* columns used'for the separation of the epoxide from the reaction solvent and from 
hX^roducS accumulations of these salts inducing precipitation by saturation or the formation 

vent adequate temperature, thermal exchange, level and consequently resxJence time control, etc. w.th related run 
Za^ 

rne^sSyTeCexchange pretreatment wrth these on the titanium silicalite to obta,n e«ectrve and lasting 
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conditions, in the presence of a catalyst consisting of titanium silicalite subjected to treatment with organic molecules 
comprising an amide group substituted on the nitrogen atom having the general formula. 



R z - -NCO 



(I) 



wherein: 



R, may be a hydrogen atom or an alkyl radical with from 1 to 20 carbon atoms, an aryl or alkylaryl radical, with from 
6 to 20 carbon atoms, a cycloalkyl radical with from 7 to 20 carbon atoms, a heterocyclic (C 7 -C 20 ) radical with one 
or more heteroatoms, the same or different, selected from N.O.S; • 
R, and R 3 . the same or different, may be alkyl radicals with from 1 to 20 carton atoms, aryl or alkylaryl radicals, 
with from 6 to 20 carbon atoms, cycloalkyl radicals with from 7 to 20 carbon atoms, heterocyclic (Ct-Cm) radicals 
with one or more heteroatoms. the same or different, selected from N. O, S; 

in addition the radicals R,. R 2 and R 3 . may form saturated or unsaturated rings in couples, and contain halogen 
atoms, nitro, nitrile, sulfuric groups, and relative esters, phosphoric groups, and relative esters, carbonyl, hydroxy!, 
carboxyl, thiol, amine and ether groups. 

[001 31 Owing to the unexpected effect of these compounds, it is thus possible to obtain a significant reduction in the 
intrinsic acidity of the titanium silicalite. which is mainly responsible, in the epoxidation reaction, for the formation of by- 
products from the epoxide formed. ««„„:. , m 
[0014] All the solutions proposed in the known art and used for increasing the selectivity in epoxidations with titan.um 
silicalrtes are overcome with the process of the present invention. In this sense, the effectiveness is quite surprising as 
the compounds having general formula (I), owing to their particular characteristics, have a very weak basic nature, at 
times neutral, as in the case of 1-methyl-2-pyrrolidone or, in some cases, for example (N-(3-trifluoromethylphenyl)-pyr- 
rolidone, they even have a weak acid behaviour. 

[0015] In addition, the products having general formula (I) are characterized by high molecular dipoles which make 
them extremely soluble in a large number of solvents, or their mixtures, and therefore also in those in which the epox.- 
dation reaction is preferably effected. Their boiling points are also very high, so that at the end of ^^T^ 
tion these compounds can be easily separated from the reagent mixture. They add.tionaHy have 
chemical and thermal stability which prevents them from degrading in the reaction section and also in the purrf.cat.on 

Sei" ^ExaSfof organic molecules comprising an amkie group substituted on the nitrogen atom having general 
formula (I) are the following: N.N^Iimethylformamide. N.N-diethylformamide, N, N-dipropylformam.de. etc. and the cor- 
responding mixed amfcies; N.N-dimethylacetamide. N.N^iethylacetamide. etc. and the corresponding mixed amides; 
dicyclohexytformamide. dicyclophenyfformamide, dicyclohexylacetamide, dicyclophenylacetemide; N-methylpyrro- 
lidone. N-ethylpyrrolidone, N-vinylpyrrolidone. N-octyl-pyrrolidone, N-cyclohexylpyrrolidone, N-dodec ylpyrro McneJN- 
isopropylpyrrolidone, N-hexylpyrrolidone, N-butylpyrrolidone. N-(2-hydroxyethyl)pyrrol.done. N-( 2 ^ ,noe ^Py rr °- 
lidonTN (3-trrf.uoromethylpheny.)-pyrrolWone. N^henylpyrroUdone. N^nzylpyrroridone ^^^SST E 
ethylpiperidone. N-isopropylpiperidone. N-cyclohexylpiperidone. N-phenylp.peridone. etc.; N-methylcaprolactam. N 
methylsuccinimide, N-methylmaleimide. N-methylglutaramide. etc.; 1 ,1 ,2.2-tetramethylurea; etc. 
[0017] The process of the present invention allows another great drawback to be eliminated as it also enables any 
pSe string £id sites to be neutralized, due to cations such as Al<'»> and Fe<"'> englobed in the catalyst during the 
forming process or deriving from raw materials used in the synthesis or from other sources of pollution. 
[0018] From a procedural point of view, thanks to the properties of the amide derivatives hav.ng general formula (I), 
the treatment of the catalyst can be carried out beforehand, i.e. before the reaction, or in continuous, dunng the reaction 
itssif 

[001 9] In the former case, the treatment can be carried out in the same epoxidation reactor, before the reaction, by 
conditioning the catalyst maintained in suspension in the solvent used (reaction foot) wrth aqua^ ofamde derive 
; Ssolvedinthesolvert,^ 

w * treatment times generally ranging from 5 to 100 minutes, preferably from 15 to 30 ^^^SSSZ 
varying from 0 to 1 00°C. preferably between 20 and 60«C. After the treatment, the reagents can be fed directly for epox 

idation. 
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[0020] In the case of treatment in continuous, it is possible to add the desired amide derivative with one of the reagent 
streams fed to the reactor, in a quantity varying according to the reaction medium, temperature and olefin i to be » epox.- 
dated. The high selectivity to epoxide obtained in this way can therefore be advantageously ma.nta.ned for the ent.ro 
reaction period. 

[0021 ] The quantity of amide derivatives which can be usefully adopted in neutralizing the catalyst in continuous is 
maintained at 0.001 to 0.05 grams per gram of catalyst. ...... . n 

[00221 ff a previously treated catalyst is used in the epoxidation reaction, it may be convenient, after a certain time, to 
integrate the amide compound with a suitable quantity dissolved in the feeding to the synthesis reactor. Th.s quantity is 
generally quite small and is between 0.0001 and 0.005 grams per gram of catalyst. 

[0023] Particularly with the last procedure described, it is possible to guarantee and maintain very high select.vit.es 
to epoxide from the very first reaction phases, without causing undesired reductions in the reaction rate. 
[0024] The catalyst which can be used in the process of the present invention is selected from those generally known 
under the name of titanium silicalites which correspond to general formula (II): 
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xTi0 2 (1 - x)Si0 2 



(ID 



wherein x is between 0.0001 and 0.4. preferably between 0.001 and 0.04. These materials are known in scientific liter- 
ate a?«J in be prepared according ,o the method described in U.S. patent 4.410.501 whic4, ateo ^^'^ e ; r «* r ^: 
tural characteristics. Titanium silicalites can also be used, in which part of the trtamum is substrtuted by o^er meta s 
such as boron, aluminum, iron or gallium. These substrtuted titanium silicalites and their preparation methods are 
described in published European patent applications 226.257, 226.258 and 226.825. 

[0025] The quantity of catalyst used in the process for the preparation of epoxides of the present .nvention is not crit- 
ical and is selected, however, so as to allow the completion of the epoxidation reaction in as short a time as possible. 
The quantity of catalyst generally depends on the reaction temperature, reactivity and concentration of the. Mm, con- 
centration of hydrogen peroxide and type of solvent. For example, the quantity of catalyst can range from 0.1 to 30 g 

KT Tte otofinic compounds which can be used in the process of the present invention can be selected from 
organic compounds having at.east one double bond and can ^o^^c. alkylaro^tic « 



linear. They are preferably olef inic hydrocarbons having from 2 to 30 carbon atoms in the molecule and containing at 
least one doi 
[0027] Exa 
formula (III): 



, S^SmS»S olefins suitable for the purposes of the present invention are selected from those having general 
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R 4 

\ ' 

c«-c (in) 

/ \ 



*6 



wherein: R 4 R 5 . R 6 . R 7 . the same or drtferent. can be H. an alkyl radical with from 1 to 20 carbon atoms, an aryf. alky- 
larvl radical wilt, from 6 to 20 carbon atoms, a cydoalkyl radical wrth from 6 to 10 carbon atoms, an alkylcycloalkyl rad- 
2 wX from 7 to 20 carbon atoms the radicals R 4 . R 5 . Re and R 7 . may form, as couples, saturated or unsaturated 
rings. In addition these radicals may contain halogen atoms, nitro. nitrile. sulfonic groups and relative esters, carbonyl. 
hydroxyl, carboxyl, thiol, amine and ether groups. 

[0028] Examples of olefins which can be epoxidated with the process of the present .nventjon are: ethylene, propyl- 
ene a lyl chloride, allyl alcohol, butenes. pentenes, hexenes, heptenes. octene-1. 1-tridecene mesrtyl ox.de, .sopren^ 
cydo^ctene, cyciohexene or bicyclic compounds such as norbornenes. pinenes, etc. The olef .ns can carry the above 
substituents both on unsaturated carbon atoms and in different positions. 

[0029] The oxidating agent used in the process of the present invention is hydrogen perox.de (H 2 0 2 ) or a compound 
which under the epoxidation conditions is capable of generating H 2 0 2 . The quantity of ^^^ZT^- 
to the olefin is not critical but a molar ratio olefin/H 2 0 2 ranging from 0.9 to 5, preferably between 0.95 and 3. .s prefer- 

fioTrhe epoxidation reaction can be carried out in one or more solvents liquid at the e P^f° n f ^ e ^- 
Events of a polar natur are typically used, such as alcohols (methanol, ethand .sopropyl atooho ^ atojho . 
Sdohexanol). tetones (for example acetone, methylethvlketon , acetophenone), ethers (tefr^ofu^b^her). 
agnatic and aromatic hydrocarbons, halogenated hydrocarbons, esters, glycols with a number of carbon atoms less 
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than or equal to 6. aliphatic or aromatic nitriles (for example acetonitrile and benzonitrile). Methanol is preferably used 
and among ketones, acetone. 

[0031] The temperatures used in the process of the present invention generally range from 0 to 150'C, preferably 
between 20 and 100°C, more preferably between 30 and 80°C. 
s [0032] The operating pressures are those which allow the olefin to be maintained in liquid phase at the temperature 
selected for the reaction. The operating pressure is generally higher than atmospheric pressure when gaseous olefins 

are used. . 
[0033] The epoxidation process of the present invention can be carried out batchwise. in semicontinuous or, prefera- 
bly, in continuous. . 
w [0034] Various types of reactor can be used in the process of the present invention. For example a fixed-bed reactor, 
slurry reactor or fluid-bed reactor. Depending on the type of reactor, the catalyst can be used in the form of micro- 
spheres, granules or pellets of various forms and shapes. 

[0035] The process for the preparation of olef inic epoxides of the present invention can be effected with known meth- 
ods For example all the reagents can be introduced into the reaction zone contemporaneously or in sequence. At the 

15 end of the epoxidation reaction the products can be separated and recovered from the reaction mixture using conven- 
tional techniques such as distillation, crystallization, liquid-liquid extraction, steam stripping, etc. The catalyst together 
with the non-reacted products (olefin and H 2 0;>) can be recovered and reused in subsequent epoxidation steps. 
[0036] The following examples provide a better illustration of the invention without limiting its scope. 
[0037] The titanium silicalite used in the examples is prepared according to what is described in published European 

20 patent application 100.1 19. It is appropriately conserved in a dry or inert atmosphere. The quantity of total titanium 
measured accorcling to the FRX technique is equal to 2.64% by weight, whereas that resulting from chemical analysis 
is 2.62%. 
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EXAMPLE 1 (Comparative) 



[0038] 1 67 g of titanium silicalite in a mixture consisting of 460 g of methanol and 23 g of water are suspended at 
room temperature in a 1 litre reactor equipped with a mechanical stirrer with a gaseous effect, a thermostatic system 
(internal coil immersed in the reaction solution and external circulation jacket). 

[0039] After the time necessary for bringing the system to a temperature of 40°C and a total propylene pressure of 
so 2.2 atm. 29.55 g of H 2 0 2 at 57.55% w/w are fed. . 
[0040] The epoxidation progression is followed by analyzing the residual hydrogen peroxide by means of cerimetry 

and HPLC. 

[0041 ] The results are indicated in the table below. 



35 EXAMPLE 2 

[0042] An epoxidation reaction is carried out under the same experimental conditions described in example 1 , using 
however 250 ppm of 1 -methyl-2-pyrrolidone dissolved in the solvent before thermostat-regulating and pressurizing the 
synthesis reactor. 
40 [0043] The results obtained are indicated in the table. 



EXAMPLE 3 

[0044] The same procedure is carried out as in example 2 using however 1 000 ppm of 1 -methyl-2-pyrrolidone. 
45 results obtained are indicated in the table. 



EXAMPLE 4 

[00451 The same procedure is carried out as in example 2 using however 1 00 ppm of 1 -octyl-2-pyrrol'idone. 
so results obtained are indicated in the table. 



EXAMPLE 5 

[0046] The same procedure is carried out as in example 2 using however 250 ppm of N.N-dimethylformamide. 
55 results obtained are indicated in the table. 
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EXAMPLE 6 

[0047] The same procedure is carried out as in example 3 using however 1000 ppm of N,N-dimethylformamide. The 
results obtained are indicated in the tab! . 

EXAMPLE 7 

[0048] The same procedure is carried out as in example 2 using however 1000 ppm of 1 -methyl-2-piperidone. The 
results obtained are indicated in the table. 

EXAMPLES 

[0049] The same procedure is carried out as in example 2 using however 1000 ppm of N.N-dimethylacetamide. The 
results obtained are indicated in the table. 



Table 
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Selectivity to propylene oxide obtained with titanium silicalite 


treated with amide derivatives 




Example 


Amide derivative 


Concentration ppm 


Selectivity to epoxide at H 2 0 2 


20 






a 


inversions c 


)t 










50% 


70% 


90% 




1 (reference) 






91.3 


84.7 


71.0 


25 


2 


1-methyl-2-pyrrolidone 


250 


93.0 


88.0 


83.7 




3 


1-methy1-2-pyrrolidone 


1000 


93.3 


92.3 


90.4 




4 


1-octyl-2-pyrrolidone 


100 


93.6 


90.5 


87.2 




5 


N.N-dimethylformamide 


250 


93.1 


88.4 


84.1 


30 


6 


N.N-dimethylformamide 


1000 


93.5 


92.0 


91.0 




7 


1-methyl-2-piperidone 


1000 


93.9 


89.2 


87.0 




8 


I N,N<iimethylacetamide 


1000 


92.7 


88.4 


86.3 



Claims 



1 A process for the production of epoxides by the reaction between at least one olefin and hydrogen peroxide or a 
compound capable of producing hydrogen peroxide under the reaction conditions, in the presence of a catahrst 
40 consisting of titanium silicalite subjected to treatment with organic molecules comprising an am.de group substi- 
tuted on the nitrogen atom having the general formula: 



45 



r 

R,- -NCO 
I 

*3 



(I) 



50 



55 



wherein: 

R, is a hydrogen atom or an alkyl radical with from 1 to 20 carbon atoms, an aryl or alkylaryl radical, with from 
6 to 20 carbon atoms, a cycloalkyl radical with from 7 to 20 carbon atoms, a heterocyclic radical with one or 
more heteroatoms, the same or different, selected from N.O.S; 

R, and R 3 . the same or different, ar alkyl radicals with from 1 to 20 carbon atoms, aryl or alkylartf radicals 
with from 6 to 20 carbon atoms, cycloalkyl radicals with from 7 to 20 carbon atoms, heterocychc radicals with 
one or more heteroatoms, the same or different, selected from N, O, S; 
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in addition, the radicals R,. R 2 and R 3 . may form saturated or unsaturated rings in couples, and contair ^halo- 
gen atoms. nHro. nitrile. sulfuric groups, and relative esters, phosphoric groups, and relative esters, cardonyi. 
hydroxyl, caiboxyi. thiol, amine and ether groups. 

2. The process according to claim 1 . wherein the treatment of the catalyst is previously carried out before the epoxi- 
datjon reaction or in continuous during the reaction itself. 

3. The process according to claim 1 or 2. wherein the catalyst is previously treated with a quantity of amide derivative 
(I) ranging from 0.01 to 0.5 grams per gram of catalyst. 

4 The process according to claim 1 or 2. wherein the catalyst is treated continuously by adding the amide derivative 
(I) with one of the reagent streams fed to the reactor in a quantity ranging from 0.001 to 0.05 grams per gram of 
catalyst. 

is 5. The process according to any of the previous claims, wherein the titanium silicalites are selected from those having 
general formula: 

xTi0 2 (1 -x)Si0 2 ("> 

20 wherein x is between 0.0001 and 0.4. 

6. The process according to claim 5. wherein part of the titanium of the catalyst is substituted by other metals such as 
boron, aluminum, iron or gallium. 

25 7. The process according to any of the previous claims, wherein the catalyst is used in a quantity ranging from 0.1 to 
30 g per mole of olefin. 

8 The process according to any of the previous claims, wherein the olefin is selected from olef inic hydrocarbons hav- 
ing from 2 to 30 carbon atoms in the molecule and containing at least one double bond. 

30 9. The process according to any of the previous claims, wherein the hydrogen peroxide is used with a molar ratio ole- 
fin/H 2 0 2 ranging from 0.9 to 5. 

10. The process according to any of the previous claims, wherein the epowdation reaction is carried out in one or more 
35 solvents liquid at the epoxidation temperature. 

1 1 . The process according to any of the previous claims, wherein the epoxidation temperatures range from 0 to 1 50°C. 
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